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ABSTRACT 

Accurate line lists are calculated for aluminium monoxide covering the pure rota¬ 
tion, rotation-vibration and electronic (B - X blue-green and A - X infrared bands) 
spectrum. Line lists are presented for the main isotopologue, 2 'A1 16 0, as well as for 
2| A1 17 0, 2 'A1 18 0 and 26 A1 16 0. These line lists are suitable for high temperatures (up 
to 8000 K) including those relevant to exoplanetary atmospheres and cool stars. A 
combination of empirical and ab initio methods is used: the potential energy curves 
were previously determined to high accuracy by fitting to extensive data from analysis 
of laboratory spectra; a high quality ab initio dipole moment curve is calculated us¬ 
ing quadruple zeta basis set and the multi-reference configuration interaction (MRCI) 
method. Partition functions plus full line lists of transitions are made available in an 
electronic form as supplementary data to this article and at www.exomol.com. 

Key words: molecular data; opacity; astronomical data bases: miscellaneous; planets 
and satellites: atmospheres; stars: low-mass 


1 INTRODUCTION 


Aluminium monoxide (AlO) is an interesting astronom¬ 
ical species whose spectrum is pro minent in a new class 
of Nova-stars first discovered by iTenenbaum fe Ziurvd 
J2009I) of which the most prominent e xamples are 
prob ab ly V838 Mon an d V4 33 2 Ser (I Merrill et alj 


1962: 


Tvlenda et al 


Bernard fe Gravina 

2005 ^ 


1984 


Baneriee et al.1 


Ba neriee et al.l 
’""2012). These 


20051: 


two 

objects defined a new type of eruptive variables called in¬ 
termediate luminosity red transients and the observational 
data showed the intense presence of the near-infrared A - 
X system of the AlO radical. Indeed this A - X band is also 
found to be fairly prominent in a variety of cool, oxyge n 
rich stars ([Bernard fe Gravinal 1 19841 : iBaneriee et al.l 120121) : 
besides the Mira variables discussed above AlO emissions 
were also obser ved in the OH/IR stars and two bright 
infrared sources (IBaneriee et al.|[2012l ). 


Transitions in th e blue-green B - X system h ave been 
observed in sunspots (ISriramachandran et al.ll2013h and the 
red supergiant VY Canis Majoris ( Kaminski et al.ll2013l ) , in 
which milli meter-wave rotationa l tran sitions have also been 
observed (ITenenbaum fe Ziurvdl2009l) . Finally, AlO spectra 
have been used to try and deter mine abundance of t he long- 
lived, radioactive 26 Al isotope (IBaneriee et al.|[2004l ). 

Terrestrially AlO emis sions ari s e from rocket ex¬ 
haust s in the atmosphere (Ijohnsonl Il965l : iKnecht et al.l 
Il996l) . Its spectrum is also extensively used in the labo- 
ratory to monitor AlO in plasmas and oth e r applications 
dBescos et al.l 1 19951 : iNaulin fe Costesl 1 19991 : iGlumac et al.l 


2001: Izhang fc L i 2003; Bai et al.ll20l4lSurmick fe Parigged 


20141) 


These applications, combined with technological uses 
of AlO spectra, have motivated a number of laboratory 
studies which have produced molecular constants charac¬ 
terising the lowest three states of AlO X 2 X + , A 2 n and 
B 2 S + . There have al s o been attempts to produce line lists. 
IParigger fe Hornkohll J201ll) constructed a comprehensive 
line list for the X - B system for temperatures up to 6000 K 
but did not provide a transition di pole, so all their tran¬ 
sition intensities are only relative. lLaunila fe Bergl (l201ll ) 
performed a combined analysis of the A -X and B - X band 
systems involving 21 500 lines; we compare with some of 
their results below. There is, however, no single line list 
that combines a comprehensive set of transition frequencies 
with an accurate model for the transition intensities. It is 
this that we aim to do here as part of the ExoMol project. 
ExoMol aims to provide line lists of spectroscopic transi¬ 
tions for key molecular species which are likely to be impor¬ 
tant in the atmospheres of extrasolar planets and cool stars; 
its aims, scope and metho dology have been summarised 
by iTennvson fe Yurchenkol (12012 ). Line lists for 2 £ + XH 
molecules, X = Be, Mg, Ca, have already been published 
llYadin e t al.ll20 12l). as well as for a number of closed- shell 
diatomics ( Barton et al.l[20131 . 1201 -ll ; lYorke et al.lliohll) . In 
the present paper, we present rotation-vibration transition 
lists and associated spectra for AlO. These line lists are par- 
ticulary comprehensive and should be valid for temperatures 
up to 8000 K. 
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2 METHOD 

Rotation-vibration line lists for the three lower electronic 
states of AlO were obtained by direct solution of the 
nuclear motion Schrod inger equation using program Duo 
(lYurchenko et all 120151 ). The calculations require both a 
potential energy curve (PEC) for each of the three states 
considered and also couplings between thes e curves. These 
curve s were taken from our previous study dPatrascu et al.l 
l2014h . which computed ab initio potential energies, spin- 
orbit and electronic angular momenta couplings, and re¬ 
fined them using available experimental data. Nuclear mo¬ 
tion calculations using these refined curves showed that the 
observed transition frequencies and energy levels could be re¬ 
produced with root mean square error of only 0.07 cm -1 . In 
order to cover all vibrational excitations below 35,000 cm -1 , 
we have increased the sizes of the vibrational basis set to 
90 for each of t he X , A, and B states from those used by 
IPatrascu et al.l d2014l ). The ranges of rotational excitations 
are listed in Table 0 


2.1 Dipole moments 

There appears to be no experimental measurements of 
any AlO transition dipoles. For this reason we constructed 
new dipole moment curves (DMC) using high level ab ini¬ 
tio calculations. These are c ompared to previou s, high- 
level ab initio determinations (IZenouda et al.lll999l ) below. 
The ab initio calcul ations were performed using MOLPRO 
dWerner et al.ll20icil ); we used multi-reference configuration 
interaction (MRCI) methods with different choices of basis 
sets. Our optimal basis choice was aug-cc-pVQZ; the active 
space used in MOLPRO representation was (9,4,4). Elec¬ 
tronic dipole moments as function of bondlength, R, were 
computed as the expectation value 

u(R) = e{H’ M \J2r i \*N), ( 1 ) 


where the integral and the summation run over the electron 
coordinates, denoted by ru, and e is the charge of the elec¬ 
tron. For permanent dipole moments, the electronic wave- 
functions in the bra and ket are the same, ie M = N, and 
the dipole moment, which is denoted /r(M) below, also con¬ 
tains a term due to permanent nuclear charge. For transi¬ 
tion dipole moments, M ^ N , and the dipole is denoted is 
— N) below. For transition dipole moments, care must 
be taken to ensure the that the dipole phases are consist ent 
as a function of R (lTennvsonll2014l : IPatrascu et al.ll2014h . 

Our calculations produce the values for the dipole at 
equilibrium given in Tab le [I] which compare w ell to the pre¬ 
vious results obtained bv IZenouda et ah | (|l999|) . Our g round 
state value of the dipole and that of Zenouda et al.l d 19991 ) 
are both slight ly smaller than the value 4.60 D used in the 
JPL database dPickett et al . 1991) which was taken from the 
earlier calculations of Lengsfield fe Liul J19821 '!. 

Figures [T] and [5] compare our calculated diago- 
nal and off-diagona l DMCs, respectively, with those of 
IZenouda et al.l d 19991 ). The agreement is good. Our calcula¬ 
tions suggest that the /r(B-A) DMC is small at all geometries 
meaning that the B - A band will be very weak ; a similar 
conclusion was reached bv IPartridge et ah d 19831 ). 


Table 1. Ab initio electric dipole and transition dipole moments 
in Debye at R = 1.76 A. 


Transition moments 

This Work 

Zenouda et al. (T999') a 

x 2 x+ 

-4.39 

-4.24 

A 2 n 

-1.30 

-1.40 

b 2 e+ 

-2.18 

-2.27 

x 2 e+-b 2 s+ 

1.85 

1.66 

x 2 x+-A 2 n 

0.61 

0.61 

b 2 s+-A 2 n 

-0.046 



a The signs of the diagonal dipoles have been changed to 
conform to the convention used by MOLPRO. 



Figure 1. Ab initio permanent dipole moment curves for AlO 
for the lowest three elec tronic states. The previous calculations 
bv IZenouda et ahl dl999T ) are represented by crosses. 


The ab initio DMC grid points were used directly in 
Duo to produce a line list for AlO. 

There is a lack of experimental data on AlO transi¬ 
tion dipoles or transition intensities. Table [2] therefore com¬ 
pares the lifeti me for the B 2 S + stat e with experimental data 
available from l.Tohnson et al.l dl972l):lDagdigian et al.l ( 19751 ) 
and two ab initio estim ates from Partridge et al. d 198E ). For 
IPartridge et al.l d 19831) we have taken their figures which in¬ 
clude the small contribution from the weak B A decay 
channel since this contribution is also included in our es¬ 
timate. Our lifetimes were computed by summing over all 
decays from a given B 2 E + Our results in Table [2] 

are for J = 0.5; calculations for J = 24.5, which lies in 
the region of the band head, give lifetimes about 0.5 % 
longer. We conclude that the lifetimes are not strongly J- 
dependent. In common with the other studies we find that 
the lifetime grows slowly with v. O ur results are interme - 
diate between the two predictions of IPartridge et ahl d 19831 ) 
and slightly shorter than, but marginally c onsistent with, 
the meas urements of lDagdi gian et ahl d 19751 ) . The measure¬ 
ments of ljohnson et alj ( 19721 ) give longer lifetimes than all 
studies and we suggest these are too long. 
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ExoMol: IX The spectrum of AlO 3 


Table 2. Radiative lifetimes (nsec) for B 2 £ ~*~ state of AlO, compar ed to the measurements of I Johnson et all d 19T2T) and lDagdigian et alj 
(1975:|), and the two separate calculations of lPartridge et al] (1 19831 ). 


Vibrational Level 

This work 

Partridge et al. (1983) I 

Partridge et al. (1983) II 

Johnson et al. (1972) 

Dagdigian et al. (1975) 

0 

92.4 

88.1 

109.9 

128 ± 6 

100 ± 7 

1 

94.5 

90.5 

112.6 

125 ± 3 

102 ± 7 

2 

96.7 

93.0 

115.2 

130 ± 7 

102 ± 4 



Figure 2. Ab initio transition dipole moment curves for AlO link¬ 
ing thelowestthreeelectronic states. The previous calculations 
by lZcnouda et all dl999l l are represented by crosses. 



I . ,11.1.1.1. Y I. M M j . r . | . , . i . \ . .. 

900 920 940 9S0 980 1000 


wavenumber, cm' 


Figure 3. Computed spectra of 27 Al le O at T =298 K given as 
sticks with the intensity (cm molecule -1 ) represented by their 
height. Upper panel: rotational region; lower panel: vibrational 
fundamental. 


2.2 Partition function 

Partition functions for AlO were calculated by sum¬ 
ming all the calculate d energy levels below using Duo 
(lYurchenko et all 120151 ). When summing these levels it is 
necessary to multiply by the appropriate degene racy fac¬ 
tors. Since we follow HITRAN llFischer et al.ll2003l ) and use 
the full nuclear spin degeneracy, the degeneracy factor, g, is 
given by (2 J + 1)(2/ai + l)(2Io + 1) where J is the total 
angular momentum quantum number obtained by adding 
the rotational and spin angular momenta, /ai and Io are 
the nuclear spins of the isotopes of Al and O in the given 
isotopologue. Explicit inclusion of these nuclear spin factors 
accounts for hyperfine effects which we make no attempt to 
resolve. These factors are 11, 6, 1, 6 and 1 for 26 Al, 27 A1, 
le O, 11 0 and ls O, respectively. 

Table |3] compa r es ou r results for 27 Al le O with those 
of Sauval & Tatum (IQS'!). We have multiplied the results 
of Sauval fe Tatuml ( 19841) by the appropriate nuclear spin 
factors to bring their results into line with our conven¬ 
tion outlined above. Table [3] shows good agreement be- 
tween our 27 A1 16 Q pa rtition function and that given by 
(ISauval fe Tatuml 119841 ) at temperatures above 1000 K for 
which their results are valid. At lower temperatures we 
also agree we ll with the partition function given by JPL 
dPickett et al.l Il998l ) who, for example, give Q(300) = 
3926.45 which is slightly lower than our value of 3966.90, 
probably due to neglect of the contribution of excited vibra¬ 
tional states. 

As we use all ro-vibrational energy levels there 
are no issues with conv ergence of this sum. We follow 
IVidler fe Tennvsonl (I2OO0I ) and represent our partition func¬ 
tion using the following functional form 

8 

log 10 Q(T) = ]TMlog 10 Tr (2) 

n=0 

where the fitting parameters a n are given in Tabic U These 
fits reproduce the partition functions for the entire region 
below 9000 K with a relative root-mean-square (rms) errors 
of better than 1.6 %. 


2.3 Line list calculations 

Line lists were calculated for the four isotopologues 27 A1 1G 0, 
2 ‘ Al ls O, 2 ‘ Al 1 ' O, and 26 A1 16 0. All rotation-vibration states 
were considered and transitions satisfying the dipole selec¬ 
tion rule A J = 0, ±1. These line lists span frequencies up 
to 35 000 cm -1 (A > 0.286 /im). The procedure described 
above was used to produce line lists, i.e. catalogues of tran¬ 
sition frequencies Uij and Einstein coefficients Aij, for four 
Aluminium oxide isotopologues 2 ‘ Al ie O, 27 A1 18 0, 27 A1 1 '0, 
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Table 4. Partition function parameters for various isotopologues, see Eq. © 



K 

> 

C 

O 

2V A iI« 0 

2b Al ib O 

> 

6 

a, o 

-1.04093681038 

-1.59727184392 

-0.677569296333 

-0.541673874468 

ai 

9.64080670554 

11.9848644854 

9.21909668136 

10.8157290731 

a 2 

-14.3512337912 

-18.2945471026 

-13.6457740234 

-16.3230021925 

«3 

13.0627960677 

16.7055086746 

12.4154930773 

14.8789580623 

a4 

-7.20103828655 

-9.21814194734 

-6.84559240132 

-8.20306751046 

a 5 

2.49431683028 

3.17902318889 

2.37492955521 

2.83289571369 

ae 

-0.538890191754 

-0.677958762340 

-0.514966111414 

-0.607255974396 

a 7 

0.0673568508718 

0.0828183310157 

0.0647424233238 

0.0749009373167 

ag 

-0.00372906050126 

-0.004450320873 

-0.00360977781061 

-0.00407761291349 


Table 5. Summary of our AlO linelists. 



27 Al iH 0 

27 Al la O 

2b Al lb O 

27aiIV 0 

X 2 S+ 

Maximum v 

66 

69 

66 

68 

Maximum J 

300.5 

300.5 

300.5 

300.5 

A 2 n 

Maximum v 

63 

65 

62 

64 

Maximum J 

300.5 

300.5 

300.5 

300.5 

b 2 x+ 

Maximum v 

40 

41 

39 

40 

Maximum J 

232.5 

241.5 

230.5 

237.5 

Number of lines 

4 945 580 

5 365 592 

4 866 540 

5 148 996 


Table 3. Partition function, Q(T), for 27 Al lb O, as a function of 
temperature. 


T / K 

Q(T) 

T 

Q(T) 

Sauval & Tatum (1984) 

10 

134.73 

1000 

17595.69 

17693.4 

20 

265.35 

2000 

57302.56 

57060.6 

30 

396.01 

3000 

138649.47 

135168 

40 

526.68 

4000 

283031.72 

274740 

50 

657.37 

5000 

508066.61 

487708 

60 

788.07 

6000 

828224.93 

793980 

70 

918.78 

7000 

1254881.70 

1216536 

80 

1049.50 

8000 

1795616.84 

1781718 

100 

1310.96 




200 

2621.45 




300 

3966.90 




400 

5407.40 




500 

6988.27 




600 

8734.58 




750 

11692.87 





and 26 A1 16 0. The full line list for each of the studied iso¬ 
topologues are summarised in Table [5j 


3 RESULTS 

The line lists contain about 5 million transitions each and, 
therefore, for compactness and ease of use, are divided into 
separate energy level and t ransitions file. This is d one using 
standard ExoMol format dTennvson et al.l l2013f) which is 
based on a method originally developed for the BT2 line list 
dBarber et al.|[2006h . Extracts for the start of the 26 A1 16 0 
files are given in Tables [6]and© The full line list for each of 


these isotopologues can be downloaded from the CDS, via 
ftp://cdsarc.u-strasbg.fr/pub/cats/J/MNRAS/xxx/yy 
or http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/MNRAS//xxx/yy 
The line lists and partition function together with auxiliary 
data including the potential parameters and dipole moment 
functions, as we ll as the absorpt ion spectrum given in cross 
section format dHill et al.l fj)13h . can all be obtained from 
there as well as at www.exomol.com 

Figure [3] shows the rotational component, and the P- 
and weaker R-branches of the vibrational fundamental (v = 

0 — 1) obtained at T = 298 K. As has been noted before 
dLengsfield fe Liull 1982^1 . the X-state dipole is very flat in the 
equilibrium region. As the strength of a Av = 1 vibration- 
rotation transition depends on the slope of the dipole in this 
region, this causes the vibrational fundamental to be partic¬ 
ularly weak. Therefore this feature, which lies between 10 
and 11 /im, is unlikely to be astronomically important. Our 
calculations suggest that the overtones (Av > 1) are also 
weak so the entire AlO vibration-rotation spectrum is un¬ 
likely to feature strongly in astronomical objects. 

Much more significant at infrared wavelengths is the 
A - X electronic band. Figure [4] shows an overview of the 
A - X and B - X electronic transitions which are pre¬ 
sented as absorption spectra generated at T — 2000 K. 

Our spectra are compared to available expe rimental data 
(lLaunila fc Jonssonlll994 ISaksena et al.llioosl 'l : we note that 
these measurements do not give absolute intensities, so have 
been scaled by us. A more detailed comparison of a por- 
ti on of the A - X spectr um with the experimental results 
of lLaunila fc Berd d201llf is presented in Fig. [5] Figure [6] 
compares the theoretica l spectrum obtained her e with an as¬ 
tronomical spectrum of lKaminski et all (l2013l l. The agree¬ 
ment is remarkable. The calculation performed using the vi- 
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ExoMol: IX The spectrum of AlO 5 



0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 

wavelength, 




Figure 5. A - X emission spectrum of 27 A1 16 O, comparison with 
experiments of lLaunila &; Jonssonl d 1994T) at T= 3200 K. The the¬ 
oretical spectrum was obtained as cross sections convolved with 
a Doppler line profile assuming the local thermal equilibrium at 
T = 3200 K. 


Figure 4. Overview of the theoretical (ExoMol) a nd experi¬ 
mental (lLaunila &; Jonsso n 1994; Saksena et al. 2008) spectra of 
2?Al ie O. The theoretical spectra were obtained as cross sections 
convolved with a Gaussian line profile of width 1 cm -1 assuming 
the local thermal equilibrium at T = 2000 K. The experimental 
A - X and B - X spectra were scaled by lx 10“ 17 and 5xl0 -18 , 
respectively. 


brational T v ib and rotational T rot tempera tures of 2200 K 
and 7 00 K, respectively as suggested by [Kaminski et al.l 
(|2013h . We use a gaussian convolution with the half-width 
at half- maximum derive d of 0 .3 cm -1 to match the spec¬ 
trum by I Kaminski et all (120131 ). Also show n (in red) is the 
simula tion of their observed spectrum by I Kaminski et al .1 
(|2013l) : for this they generated their own l ine list based on 
the line positions of Saksena et aD d2008T) . transition mo- 
ments of Zenouda et al.l ( 19991 ') . Franck-Condon factors of 
ICoxon Naxakisl ( 1983 1 and rotational line-strength fac¬ 
tors which they computed themselves. We note that our 
line list provides all these data within a single framework 
and without making any underlying assumptions about the 
Franck-Condon approximation or rotational form factors. 

Figure [3 compares the B X emission spectrum ob- 
tained in this work with accurate experimental results of 
ISaksena et al.l J2008h . Again the agreement is very good. 
Finally, Fig. [H] compares our calculated spectra B - X for 
the two isotopologues 26 Al 16 0 and 27 A1 16 0. The shift in 
the band head feature should be observable astronomically 
at even moderate resolution. 


4 CONCLUSIONS 

We present comprehensive line lists for the four most im¬ 
portant isotopologues of AlO. These are based on the direct 
solution of the nuclear motion Schrodinger equation using 
a potential energy curves and couplings obtained by fitting 
to extensive dataset of measured transitions. These data are 
reproduced to near experimental accuracy resulting in high 



Figure 6. B - X A.v = 0 emission spectrum at T ro t=700 K and 
T v jh= 2200 K compared w ith an astronomical spectrum obtained 
I T) for VY Canis Majoris (T ro t and T vib in 
( Kaminski et a l. 120131) I. Cross sections (lower part) were obtained 
by convolving with a Gaussian profile of width 0.3 cm -1 . 


accuracy line positions. A new ab initio dipole moment is 
computed. This dipole is used to compute Einstein A coeffi¬ 
cients for all possible dipole-allowed transitions within each 
AlO isotopologue. The result is a comprehensive line list 
for each species. The line lists can be downloaded from the 
CDS, via ftp://cdsarc.u-strasbg.fr/pub/cats/JZMNRAS/ 
or http://cdsarc.u-strasbg.fr/viz-bin/qcat7J/MNRAS/, or 
from www.exomol.com. 
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Table 6. Extract from the state file for 27 Al le O. Full tables are available from http://cdsarc.u-strasbg.fr/cgi-bin/VizieR?-source=J/MNRAS/xxx/yy 


n 

E 

9 

J 

+/- 

e/f 

State 

V 

|A| 

|S| 

l«l 

i 

0.000000 

12 

0.5 

+ 

e 

X2SIGMA+ 

0 

0 

0.5 

0.5 

2 

965.435497 

12 

0.5 

+ 

e 

X2SIGMA+ 

i 

0 

0.5 

0.5 

3 

1916.845371 

12 

0.5 

+ 

e 

X2SIGMA+ 

2 

0 

0.5 

0.5 

4 

2854.206196 

12 

0.5 

+ 

e 

X2SIGMA+ 

3 

0 

0.5 

0.5 

5 

3777.503929 

12 

0.5 

+ 

e 

X2SIGMA+ 

4 

0 

0.5 

0.5 

6 

4686.660386 

12 

0.5 

+ 

e 

X2SIGMA+ 

5 

0 

0.5 

0.5 

7 

5346.116382 

12 

0.5 

+ 

e 

A2PI 

0 

1 

0.5 

0.5 

8 

5581.906844 

12 

0.5 

+ 

e 

X2SIGMA+ 

6 

0 

0.5 

0.5 

9 

6066.934830 

12 

0.5 

+ 

e 

A2PI 

1 

1 

0.5 

0.5 

10 

6463.039443 

12 

0.5 

+ 

e 

X2SIGMA+ 

7 

0 

0.5 

0.5 

11 

6778.997803 

12 

0.5 

+ 

e 

A2PI 

2 

1 

0.5 

0.5 

12 

7329.427637 

12 

0.5 

+ 

e 

X2SIGMA+ 

8 

0 

0.5 

0.5 

13 

7483.145675 

12 

0.5 

+ 

e 

A2PI 

3 

1 

0.5 

0.5 

14 

8159.170405 

12 

0.5 

+ 

e 

A2PI 

4 

1 

0.5 

0.5 

15 

8201.467744 

12 

0.5 

+ 

e 

X2SIGMA+ 

9 

0 

0.5 

0.5 

16 

8857.266385 

12 

0.5 

+ 

e 

A2PI 

5 

1 

0.5 

0.5 

17 

9029.150380 

12 

0.5 

+ 

e 

X2SIGMA+ 

10 

0 

0.5 

0.5 

18 

9535.195842 

12 

0.5 

+ 

e 

A2PI 

6 

1 

0.5 

0.5 

19 

9854.882567 

12 

0.5 

+ 

e 

X2SIGMA+ 

11 

0 

0.5 

0.5 

20 

10204.019475 

12 

0.5 

+ 

e 

A2PI 

7 

1 

0.5 

0.5 

21 

10667.668381 

12 

0.5 

+ 

e 

X2SIGMA+ 

12 

0 

0.5 

0.5 

22 

10864.560220 

12 

0.5 

+ 

e 

A2PI 

8 

1 

0.5 

0.5 

23 

11464.897083 
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n: State counting number. 

E: State energy in cm -1 . 

J: Total angular momentum quantum number. 
g: State degeneracy. 

+/—: Total parity. _ 

e//: Rotationless-parity ( Brown et al.|[l975li . 
v: State vibrational quantum number. 

|A|: Absolute value of A (projection of the electronic angular momentum). 

|E|: Absolute value of E (projection of the electronic spin). 

|f2|: Absolute value of S2 = A + E (projection of the total angular momentum). 
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ExoMol: IX The spectrum of AlO 7 
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Figure 7. Emission spectra of three sub-bands within the X - 
B ban d at 1700 K compared to the experiment of lSaksena et all 
1 I 2008 I') (up). Top panel: Av = 1, middle panel: Av = 0, lower 
panel: Av = — 1. The experimental data is in arbitrary units; cal¬ 
culated cross sections were obtained by convolving with a Doppler 
profile at 1700 K. 



wavelength, |am 

Figure 8. Calculated = 0 — 1 absorption spectrum 

at 1700 K for 26 A1 16 0 and 27 A1 16 0 obtained by convolving with 
a Doppler profile at 1700 K. 


Table 7. Extracts from the transitions file 

for 27 A1 16 0. Full tables are available from 
http: //cdsarc.u-strasbg.fr/cgi-bin/VizieR?-source=J/MNRAS/xxx/yy 
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_ Afi 

1.15981? - 04 
5.07971? - 02 
1.5734E - 02 
1.5455E - 02 
6.32061? - 03 
2.7204 E - 06 
2.3282 E - 02 
6.7365E - 03 
5.499675 - 02 
5.463375 - 02 
9.154575 - 06 
4.895475 - 05 
5.912575 - 03 
5.922975 - 03 
8.922075 - 03 
1.458475 - 02 
1.458475 - 02 
5.184275 — 02 
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5.222975 - 02 
9.171275 - 03 


/: Upper state counting number; i\ Lower state counting 
number; Einstein-A coefficient in s -1 . 
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